Reverse osmosis (RO) is the main process of current industrial desalination, and its performance is affected by the quality of water source. Natural water contains a certain level of silica, which is originated from metal silicate in the earth crust. Due to its complexity, silica fouling is difficult to control, which often causes less efficient design of RO system for safe operation. In the present work, we review the current state of silica treatment technology in RO desalination. Silica chemistry is investigated in standpoint of the scale formation mechanism among multiple forms of silica species and its synergistic interaction with other foulants such as organic matter. Then, pretreatment methods to remove silica in the RO feed water are outlined. They include softening/coagulation, seed precipitation/aggregation, tight ultrafiltration, ion exchange, adsorbents media, and electro coagulation. We finally highlight the mitigation of RO fouling under silica rich conditions, whose concept can be implemented in different ways of antiscalant dosing, high/low pH operation, and intermediate softening of the RO concentrate, respectively. This review will provide comprehensive information and insight about the optimal operation of industrial RO susceptible to silica fouling.
The dissolved silicic acid is also referred to as reactive silica. The term 'reactive' means that the 1 Both dissolved and colloidal silica can be removed from the water stream by adsorption on 2 insoluble metal hydroxides and coprecipitation with soluble metals. In practice, softening [1, 3, 7 , 3 25-28] and coagulation [29] [30] [31] [32] [33] [34] [35] are capable of removing silica based on this principle. 4 Two mechanisms can be responsible for silica removal in the softening process (Fig. 2) . 5 One is silica adsorption into CaCO 3 and Mg(OH) 2 . At a constant hardness condition, Mg(OH) 2 6 was reported to be more effective in silica adsorption than that of CaCO 3 [9, 12] . The other is the 7 formation of silicate precipitates with different stoichiometry. Some frequently quoted reactions 8 of silicate precipitation are depicted in Fig. 2(a) . However, they are likely to be 9 oversimplifications because the actual precipitates are often more complex [36] . Silica removal 10 efficiency by softening depends on solution pH condition. For example, the optimal pH for silica 11 adsorption onto Mg(OH) 2 was found to be around 10-11 [7] . Under adequate pH adjustment, 12 silica removal efficiencies of more than 95% have been reported [36, 37] . Softening is feasible 13 when raw water contains a certain level of hardness to induce enough amount of Mg(OH) 2 . basic principle is the induction of the seed/silica agglomerate, and its scheme is depicted in Fig. 3 .
Softening and Coagulation

17
Silica gel and amorphous colloids have been the most investigated as the potential seed materials [46]. Each UF system has a total capacity of 3,840 and 6,000 m 3 /day, respectively. In both 20 projects, surface water was used as a feed for the high pressure boiler. This tight UF membrane that IX resins provide some colloidal silica reduction through the filtration mechanism.
10
In a practical aspect, the IX process suffers from interference with other anionic species, basic principle is in-situ generation of metal ion species by sacrificial anodic reaction (Fig. 5 ).
4
The performance of an EC system is closely associated with following parameters; current 5 density, charge loading, anode material, contact time, and system configuration including hydroxyaluminosilicates (HAS) between dissolved silica and aluminum has been known as the 10 main mechanism at neutral pH (Eq. (5)). Fig. 6(a) ). In an example of OPUS ® technology, pretreatment has a sequence of chemical 1 softening/thickening, filtration, and ion exchange ahead of the RO unit ( Fig. 6(b) water production. Fig. 7(a) , stream is less than 5%, giving an overall process recovery of higher than 95%. water. However, each silica pretreatment option also has application issues, such as solid sludge 10 and chemical waste, which inevitably originate from its operation principle Thus, it is important 11 to select a suitable method according to the raw water conditions such as major silica species and 12 total concentration. In addition, pretreatment methods except UF inevitably changes the water 13 condition by pH adjustment or chemical dosing for the optimal performance of silica removal.
14 Therefore, the change of water quality after pretreatment should be carefully evaluated in aspects 15 of subsequent RO filtration.
16
It is also possible to mitigate scale formation via regulating silica chemistry in RO system.
17
In detail, this strategy increases solubility limit or inhibit polymerization / agglomeration of silica 
